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Abstract

Paleoecological analyses were carried out from two sediment cores from lake sites at the
alpine treeline on Pyhikero mountain, the northernmost peak of an isolated mountain
range, Pallastunturi-Ounastunturi, south of the polar forestline in western Finnish Lapland.
Plant macrofossils, supported by pollen data, show presence of pine (Pinus sylvestris) and
birch (Betula pubescens) on the top of the mountain from 9500 cal yr BP (birch) and 8300
cal yr BP (pine) up to 2000 cal yr BP (pine) and 1500 cal yr BP (birch). However, the
major floristic elements of the modern alpine vegetation, as evidenced by plant macro-
fossils of a number of typical alpine taxa, including Salix cf. polaris, show persistence
through the warmer periods of the Holocene, and indicate that the scattered pine-birch
forest never completely replaced the low-alpine plant communities. The current low-alpine
vegetation on the mountain top has therefore long continuity from the time of regional
deglaciation. Dispersal of these alpine species took place primarily during the deglaciation
phase and it is unnecessary to invoke dispersal of the arctic-alpine plants from the arctic
regions of Fennoscandia during the mid- or late-Holocene to explain the origin of the

alpine flora of the mountain range.

Introduction

Although the postglacial history of the polar forestline of north-
ern Fennoscandia has been intensively studied (e.g., Aario, 1943;
Hyvérinen, 1975, 1976; Eronen, 1979, Eronen and Hyvérinen, 1982;
Seppd, 1996; Jensen et al., 2002; Seppd et al., 2002), the alpine
forestlines of isolated mountain ranges south of the polar forestline have
not been given the same attention. In eastern Fennoscandia, there is
a major vegetational difference between the polar (latitudinal) forestline
and the alpine (altitudinal) forestlines. At the polar forestline, pine
(Pinus sylvestris) reaches farther north than spruce (Picea abies) and the
vegetation north of the limit of the continuous pine-formed conifer forest
is characterized by a wide zone of mountain birch (Betula pubescens
ssp. tortuosa) forest. This forestline pattern is not repeated along the
altitudinal transects of the mountains of central Lapland (northern
Fennoscandia), located farther south of the polar forestline. The highest
altitudinal limit of the continuous boreal forest there is usually formed
by a mixture of the three species, with individual pines and spruces often
growing at higher altitudes than birch (Heikinheimo, 1920, 1921;
Hustich, 1937; Veijola, 1997). The reason for this difference between
the polar and alpine forestlines is not precisely known, but Hamet-Ahti
(1963) and Kullman (1981), for example, have debated the influence of
the more oceanic climate (colder summers, milder winters, deep, durable
snow) of subarctic Fennoscandia, closer to the Arctic sea coast, which
favors mountain birch. The more continental climate of the mountains,
particularly higher summer temperatures and earlier snowmelt, may
support higher altitudinal distributions of pine and spruce.

Ecophysiological studies of the principal tree species of the polar
and alpine forestlines in northern Fennoscandia have established the
sensitivity of their regeneration and growth to the climatic conditions. In
these cold-stressed environments, the flower bud initiation and sub-
sequent anatomical maturation of the seeds of pine and spruce are
dependent on the summer temperatures (Heikinheimo, 1921; Eide, 1932;
Sarvas, 1962; Chung, 1981; Henttonen et al., 1986; Luomajoki, 1993a,
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1993b), and the regeneration of pine is limited to a few adequately warm
periods or “key years” per century (Sirén, 1961; Sarvas, 1962; Hustich,
1978; Henttonen et al., 1986). Similarly, the juvenile and radial growth
of the trees, as well as the growth in length of annual shoots of secondary
branches, show correlation with the high-frequency variations of sum-
mer temperatures (Hustich, 1948, 1949, 1978; Sirén, 1961; Kullman,
1986, 1996; Lindholm, 1996; Kirchhefer, 2001). The cumulative effect
of a short sequence of “key years” can lead to a rapid upwards and north-
wards shift of the pine forestline. This was observed in Lapland after
a period of warm summers in the 1930s when new pine seedlings
became established around the isolated pines in the mountain birch zone
and in the alpine zone of the mountains (Hustich, 1959, 1978). The rapid
advance of pine forestline was subsequently retarded by the cold
summers in the 1960s (Mikola, 1971; Kallio, 1975; Hustich, 1978).

One reason for the small number of studies into the Holocene
history of the alpine forestlines of the mountains in eastern Fenno-
scandia is the scarcity of suitable lake sites above the forestline for
paleoecological research and vegetation reconstructions. In the highest
and largest of the isolated mountains in western Finnish Lapland, close
to the northernmost peak of the Pallastunturi-Ounastunturi mountain
range, lies Pyhikero mountain, one of the few sites with several lakes
located at different altitudes. The modern alpine vegetation and forest-
line patterns of this mountain range were studied by Sandman (1893)
and Hustich (1937, 1940, 1959). Hustich (1959) observed the establish-
ment of new pine seedlings on the top of the mountain, at altitude of over
600 m a.s.l., and the subsequent distinct rise of the distribution limit of
pine in response to the warm summers in the 1920s and 1930s. The
question of whether these pines represented the highest altitude ever
during the postglacial period was debated, but, due to the lack of
paleoecological data, remained unanswered.

In this paper we present plant macrofossil and pollen evidence
from two lake sites on Pyhikero mountain, lying above the limit of
continuous forest at ca. 500 m a.s.l., which is formed by birch and pine.
The main aim of the paleoecological reconstructions from these lake
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sites was to use the combination of pollen and plant macrofossils to
study the history of the modern alpine vegetation of the mountain top
and to determine the long-term dynamics of the alpine forestline during
the Holocene. This approach can provide a paleoecological perspective
on current discussion about the recent altitudinal distribution changes
of alpine plants and about the vulnerability of the alpine vegetation to
predicted future warming (Grabherr et al., 1994; Korner, 1999; Odland
and Birks, 1999; Klanderud and Birks, 2003). The emphasis in this
study was placed on plant macrofossil analysis because of their
potential for a higher taxonomic and spatial resolution than pollen
alone (Birks, 1973, 2001, 2003; Hannon, 1999). Pollen can disperse
over considerable distances, particularly in open forest and nonforest
vegetation. Macrofossil records tend, however, to be less continuous
and do not deliver such a well-developed basis for statistical analyses.

Study Area

Pyhikero mountain (711 m a.s.l.) in northern Finland (Fig. 1), is
the northernmost peak of Pallastunturi-Ounastunturi mountain range,
a chain of residual mountains rising 400 to 500 m above the sur-
rounding peneplain. Bedrock consists of gray quartzite (Johansson,
1998). During the last two million years, the Pallastunturi- Ounas-
tunturi mountain range has been frequently covered by ice sheets,
which has given rise to the typically glacially-shaped mountains and
gentle relief of the mountain range. The last deglaciation took place at
ca. 10,500-10,000 cal yr BP (Lundqyvist, 1991). Thin till deposits cover
most of the mountain top (Johansson, 1998).

The climate is northern boreal on the surrounding peneplain but
becomes progressively colder and windier towards the top of the
mountain. The closest meteorological station with a record from the
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— scattered pines and birches above
this altitude.

Climate Normals period 1961-1990 is in Muonio, ca. 37 km south of
Pyhikero mountain. The annual mean temperature there is —1.7°C, July
mean temperature 13.0°C, and January mean temperature —16.2°C. The
annual precipitation is 450 mm (Finnish Meteorological Institute, 1991).
Pyhikero mountain is located within the northern boreal conifer
forest zone (Sjors, 1967; Ahti et al., 1968) but the vegetation of the
mountain top, above the alpine forestline, is treeless, low-alpine heath.
The mountain top therefore forms a biogeographically azonal, isolated
island of alpine vegetation within the boreal zone (Figs. 1, 2). The forest
line is located at about 500 m a.s.l. but there are scattered pines and
birches above this altitude. The alpine plant communities of the mountain
top are characterized by dry, oligotrophic heath vegetation, with
Empetrum nigrum and Betula nana as the dominant vascular plants,
and a lichen-rich ground layer. Other typical vascular plant species of
the alpine heaths are Juniperus communis, Vaccinium vitis-idaea, V.
uliginosum, Loiseleuria procumbens, Phyllodoce caerulea, Arctosta-
phylos alpina, and Diapensia lapponica. Moister sites, such as the shal-
low bedrock depressions and the lake and stream shores, support richer
vegetation, with Salix spp. (e.g., S. herbacea, S. glauca), Oxyria digyna,
sedges, grasses, and mosses. On the slopes between the mountain top and
the forestline, Vaccinium myrtillus—dominated heaths are common.
The two lakes studied are located on the top (Lake Pyhdjéarvi) and
on the slope (Lake Pahalampi) of Pyhikero mountain (Fig. 1). Lake
Pyhijirvi is the higher lake (Fig. 2), located in a shallow, gently-sloped
depression at 646 m a.s.l., 400 m north of the highest peak of the
mountain. Its maximum depth is 400 cm and size ca. 5 ha. The lake has
a small, seasonally-dry outlet in the southwest. The second lake, Lake
Pahalampi, is located in a shallow depression on the western slope of
the mountain, at 506 m a.s.l. The continuous birch-pine forest begins,
first sparsely and then more densely, right below the lake ca. 500 m
a.s.l. Some scattered birches grow close to the shore of the lake.
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FIGURE 2. An aerial photograph of the Pyhdkero mountain top,
with scale 1:20,000. Lake Pyhdjdrvi is in the center of the photograph.
The low-alpine zone of the mountain top is characterized by dry,
oligotrophic heath vegetation, with Empetrum nigrum and Betula nana
as the dominant vascular plants, and a lichen-rich ground layer.
Moister sites around the lake support richer vegetation, with Salix
spp. (e.g., S. herbacea, S. glauca), Oxyria digyna, sedges, grasses,
and mosses.

Methods

At each lake, a series of sediment cores was collected from the
surface of the ice in April 2000 with a rod-operated Livingstone corer.
A 219-cm-long core was sampled from the center of Lake Pyhéjarvi
and a 370-cm-long core from Lake Pahalampi.

PLANT MACROFOSSIL ANALYSIS

Plant macrofossil analysis was carried out on 5-cm subsamples,
soaked overnight in 5% NaOH and washed through a sieve, mesh size
285 pm. All fossil remains were initially identified using an identi-
fication key (Bertsch, 1941) and subsequently matched with specimens
from a reference collection. Macroscopic charcoal (>285 pum) was
systematically counted at both sites. The results for plant macrofossils
are presented as concentration per unit volume and the diagrams
were drawn up using the programs TILIA and TILIA.GRAPH
(Grimm, 1990).

POLLEN ANALYSIS

Pollen analysis was carried out only from Lake Pyhijarvi sedi-
ment core. The pollen samples were prepared with standard KOH, HF,
and acetolysis methods (Moore et al., 1991) and analyzed to the lowest
possible taxonomic level, mainly with the help of the pollen guide of
Moore et al. (1991) and pollen reference samples. Each 1-cm® sub-
sample was spiked with two Lycopodium tablets (Stockmarr, 1972) for
the pollen concentration and pollen accumulation rate calculations. A
minimum of 500 pollen and spores of terrestrial plants was determined
from each level, except from the lowermost sample where the pollen
concentration was low. A total of 52 pollen samples were analyzed
from the core.

TABLE 1

Radiocarbon dates of the two sediment cores

Cal yr BP age

Depth (cm) 4c age (yr) (2 s.d. age range)
Lake Pyhdjarvi
AAR-6637 256-260 4100 = 50 4570 (4820-4440)
AAR-6638 272-276 2550 *= 45 2720 (2760-2470)
AAR-6639 280-284 2430 * 45 2410 (2710-2350)
AAR-6640 316-320 3850 = 45 4250 (4410-4110)
AAR-6641 332-336 4010 = 60 4470 (4620-4330)
AAR-6642 412416 7680 = 70 8430 (8600-8360)
AAR-6643 428-432 8510 £ 75 9500 (9590-9430)
Lake Pahalampi
AAR-7587 316-320 680 £ 40 660 (700-560)
AAR-7588 336-340 1690 = 40 1570 (1700-1500)
AAR-7589 368-372 2490 * 40 2590 (2740-2390)
AAR-7590 452-456 4230 = 50 4830 (4870-4620)
AAR-7591 555-560 6790 = 60 7640 (7710-7550)
AAR-7592 595-600 8915 * 60 10140 (10200-9770)

The percentages of terrestrial pollen and spore taxa were calculated
on the basis of their total sum. Percentages of aquatics were calculated
on the basis of the total sum of terrestrial taxa plus aquatic taxa, and the
percentages of Sphagnum on the basis of the total sum of terrestrial taxa
plus Sphagnum. The pollen diagrams were drawn with the programs
TILIA and TILIA.GRAPH (Grimm, 1990).

DATING

Selected plant macrofossils, where available, were sent to
radiocarbon laboratories in Denmark (Aarhus) and Sweden (Uppsala)
to establish time scales from each site. Otherwise raw sediment was
used for dating purposes (Table 1). The radiocarbon dates were
calibrated using CALIB 4.2 program (Stuiver and Reimer, 1993) and
the INTCALOS calibration data (Stuiver et al., 1998), using bidecadal
tree-ring data set A and method A, and applying 10 sample smoothing.
The chronology of Lake Pyhijirvi core is based on seven calibrated
radiocarbon dates and an assumed modern age for the core top and the
chronology of the Lake Pahalampi core on six calibrated radiocarbon
dates and an assumed modern age for the core top.

Results
CHRONOLOGY

Before the age-depth modelling, the reliability of the calibrated
radiocarbon dates was assessed. At Lake Pyhdjirvi, dates from 256 to
260 cm and 272 to 276 cm are older than the date from 280 to 284 cm.
These two dates are therefore likely too old, possibly due to the re-
deposition of the dated moss samples from the lake catchment. The
presumed redeposition is supported by the even sedimentation rate when
these two dates are excluded from the age-depth model (Fig. 3).
Chronologies for the two sites were derived by fitting a second-
order polynomial age-depth curve (Lake Pyhédjirvi) and a third-order
polynomial age-depth curve (Lake Pahalampi) to the calibrated
radiocarbon dates.

FORESTLINE AND VEGETATION HISTORY

The extrapolated basal ages of the two sediment cores, ca. 10,400—
10,300 cal yr BP, are consistent with the estimated regional deglaciation
(Lundqvist, 1991). The pollen data suggests that the first postglacial
vegetation of the mountain consisted of rich herb communities and this
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FIGURE 3. Age-depth models of Lake Pyhdjdrvi (a) and Lake
Pahalampi (b) cores. The model for Lake Pyhdjdrvi core is based on
a second-order polynomial function and for Lake Pahalampi core on
a third-order polynomial function. The two radiocarbon dates which
were excluded from the Lake Pyhdjdrvi age-depth curve are indicated
by the squares.

is confirmed by the plant macrofossil results (Figs. 4, 5). The most
striking feature of the earliest plant macrofossil and pollen assemblages
is the floristic difference between the two sites. Lake Pyhijarvi has high
values of Sagina seeds and the corresponding pollen type, Caryophyl-
laceae undiff., as well as Rumex acetosella nuts and Rumex acetosella—
type pollen (Figs. 4, 5). The Lake Pahalampi record, by contrast, shows
presence of macrofossils of Sedum, Brassicaceae, and Empetrum (Fig.
6). These features indicate major vegetational difference between the
mountain top and the lower slopes and reflect plant communities which
do not have analogs in the modern alpine vegetation of Pallastunturi-
Ounastunturi mountain range or elsewhere in northern Fennoscandia
today (Hustich, 1937, 1940; Haapasaari, 1988; Oksanen and Virtanen,
1995). This may be a consequence of the plant dispersal history and the
unique edaphic and climatic conditions in the recently deglaciated
terrain. However, the early postglacial appearances of plant macrofossils
and/or pollen types of Poaceae, Carex-type, Salix undiff., Betula nana,
Ranunculaceae, Vaccinium sp., and Empetrum suggest that the most
common floristic elements of the modern alpine heaths were also present
soon after the deglaciation.

The rise of Betula pollen accumulation rate (PAR) at 10,000 cal yr
BP in the Lake Pyhdjarvi pollen record and the appearance of
B. pubescens macrofossils in Lake Pahalampi record at 9500 cal yr
BP indicate that the first postglacial forest and alpine forestline on
Pyhidkero mountain was formed by birch (Figs. 4, 6). This is in
agreement with reconstructed forest pattern in the arctic and alpine
regions of northern Fennoscandia where abundant Betula pubescens
macrosubfossil records show the establishment of birch forest during
the early Holocene before the immigration of pine (Barnekow, 1999,
2000; Jensen et al., 2002). As in the early Holocene records from arctic
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Fennoscandia, the field layer of the birch forest on Pyhéikero mountain
was characterized by grasses, ferns, and lycopods, corresponding with
the field layer of the modern oceanic mountain birch forests of the
arctic forestline (Hamet-Ahti, 1963).

The rise of Pinus pollen values reflects the gradual immigration and
expansion of pine at 9000—8000 cal yr BP in the area and its local
presence is shown by the occurrence of Pinus needles in Lake Pahalampi
core at ca. 8300 cal yr BP (Figs 4, 6). The immigration history of pine on
Pyhikero mountain agrees with the results from the arctic forestline:
according to the macrofossil, stomatal, and pollen evidence from
a number of sites from the Kola Peninsula to northwestern Norway and
northern Sweden (Abisko), the initial immigration of pine took place at
ca. 9500-9000 cal yr BP and subsequent development of denser pine
forest at ca. 8500-8000 cal yr BP (Hyvérinen, 1975; Seppd, 1996;
Barnekow, 1999, 2000; Snyder et al., 2000; Gervais et al., 2002; Jensen
et al., 2002; Seppd et al., 2002). On Pyhékero mountain, this change is
accompanied by typical pollen-stratigraphical features with a decrease
in grasses, ferns, and lycopods and replacement by ericaceous dwarf
shrubs. This change suggests that the pine forest understory has been
dominated by similar plant communities since the expansion of pine in
Finnish Lapland. Analogs can be observed in the modern northernmost
pine forests in Finnish Lapland.

The occurrence of pine macrofossil cone scales in the Lake
Pyhijérvi record suggests local presence of pine close to the top of the
Pyhiikero mountain during the Holocene. The establishment of scat-
tered pine stands may have happened already by 80007500 cal yr BP,
as at that time Pinus PAR values exceed their modern level. However,
the low number of pine macrofossils, lower Pinus pollen percentage
values than in the modern samples from dense pine forest (Hicks,
2001), and continuous occurrence of plant macrofossils of the typical
alpine plant taxa, notably Salix cf. polaris leaves (Fig. 4), refute the
theory of dense pine or pine-birch forest covering the mountain top
during the postglacial period. The more likely scenario is that alpine
Betula nana—Empetrum plant communities and snowbed plant com-
munities co-existed with the discontinuous pine-birch forest. Pine
probably occurred as individual trees or scattered stands, located
mostly on higher sites where snow did not gather and which were snow
free early in the spring. This pattern is currently observed for pine at its
extreme distribution limit in northern Fennoscandia. The alpine plant
communities typical of snow-rich sites were likely confined to de-
pressions, such as the shores of the Lake Pyhdjdrvi basin where they
dominate at present.

The rise of Picea pollen curve suggests that spruce became
regionally established at ca. 5500 cal yr BP. The modern northern limit
of continuous spruce forest is located 15 to 20 km south of Pyhikero
mountain. The absence of macrofossil evidence for spruce and low
Picea pollen values at Lake Pahalampi suggest that the distribution
limit of spruce never reached Pyhikero mountain. The lack of evidence
of fluctuations of the northern limit of spruce is in line with the
interpretations of the data from the polar forestline (Hyvirinen, 1975;
Seppi et al., 2002). However, on Pyhikero mountain this does not
necessarily reflect climatic stability since the altitudinal limit of spruce
may have been partly, or fully, constrained by nonclimatic, edaphic
factors, as spruce does not find good seed beds and generally does not
grow well on dry, exposed mountain slopes (Hustich, 1959).

The gradual decline of the Pinus PAR values starts at 3500 cal yr
BP (Fig. 4). This may reflect a gradual reduction in the number of pines
growing on the mountain slopes. The recovery of Pinus cone scales in
the fossil record, however, shows that some individual pines persisted
closer to the mountain top up until 2000 cal yr BP. Between this time
period and the observations of Hustich (1959) that scattered pines had
recently become established on the mountain top, we have no evidence
for occurrence of pine on the mountain top. Nevertheless, the
possibility exists of episodic pine forestline shifts and transient
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occurrences of pine stands during for example the Medieval Warm
Period (about 700 to 1000 cal yr BP), when the advance of the
altitudinal pine forestline is documented by pine megafossil records
from the Khibiny mountains on the Kola Peninsula (Hiller et al., 2000)
and from the coastal northern Norway (Kirchhefer, 2001).

Betula pubescens fruits and bracts and indeterminable wood
remains disappear from the Lake Pyhéjarvi core at ca. 1500 cal yr BP.

At that level there is a layer of twigs and bark of deciduous trees and
shrubs in the sediment core, suggesting sudden break-up of the sparse
birch forest on the mountain top (Fig. 4). There are no indications of
any major cooling or forestline decline at that time in the previous
paleoclimatological and paleoecological records in northern Fenno-
scandia, many of which have higher temporal resolution than the
current data (e.g., Eronen and Zetterberg, 1996; Seppa and Birks, 2001,

ol

FIGURE 5. An abbreviated plant
macrofossil and pollen diagram of
the herbs, pteridophytes and
Sphagnum of the Lake Pyhdjdrvi
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2002; Seppd et al., 2002). The death of the birches may therefore have
been a rapid, local event, possibly caused by a local disturbance such
as a storm or outbreak of Epirrita autumnata insect pathogen. Such an
outbreak of Epirrita destroyed about 5000 km* of mountain birch
forest in northern Finland in 1965 (Kallio and Lehtonen, 1973, 1975).
Although mountain birch is capable of recovery from mechanical
damage by growth from basal sprouts, the subsequent recovery of the
forest has largely failed at the high-altitude regions (Kallio and
Lehtonen, 1975; Seppéld and Rastas, 1980; Lehtonen, 1987). This may
be due to the windier and colder local climatic conditions, which often
follow the change from sparse forestline forest to open tundra (e.g.,
Grace, 1989; Arsenault and Payette, 2000).

During the last 1500 yr the macrofossil and pollen assemblages of
Lake Pyhijarvi were dominated by Vaccinium, Empetrum, and
Ericaceae-type. The fossil record corresponds well with the floristic
composition of the modern low-alpine Betula nana—Empetrum and
Empetrum—Vaccinium myrtillus plant communities, that largely cover
the mountain top of Pyhidkero mountain, as well as other mountains of
northern Fennoscandia, with the exception of snow-bed sites and
moister hollows (Kalliola, 1939; Hedberg et al., 1952; Hamet-Ahti,
1963; Jonasson, 1981; Haapasaari, 1988; Oksanen and Virtanen, 1995).

Discussion and Conclusions

New evidence of the timing and pattern of the postglacial immi-
gration of pine to Pyhdkero mountain agrees with earlier vegetation
reconstructions from the arctic regions of Fennoscandia. In addition,
the current evidence suggests that the range limit of pine on the
Pallastunturi-Ounastunturi mountain range reached at least an altitude
of ca. 650 m a.s.l. and corresponds with the recent estimations of the
maximum altitudinal limits of the pine forestline during the Holocene
in northern Fennoscandia. In Abisko, northern Sweden, plant macro-
fossils recorded from lake sites show that at 5500-4500 cal yr BP the
alpine distribution limit of pine was above the altitude of 625 m a.s.l.,
but below 1000 m a.s.l. (Barnekow, 1999, 2000). Stomatal and pollen
evidence suggest that in northwestern Finnish Lapland, pine reached
an altitude of ca. 700 m a.s.l. at 8000—4000 cal yr BP (Seppd et al.,
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FIGURE 6. A plant macrofossil
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core, showing only the most com-
mon taxa. Explanations as in
Figure 4.

2002). In conjunction with the current evidence, these data sets sug-
gest that maximal altitudinal limit of pine in northern Swedish Lapland
and northwestern Finnish Lapland during the Holocene was above
700 m a.s.l.

Our interpretation of the forestline and alpine vegetation history of
Pyhikero mountain is of relevance for the classical debate about the
ancestry of the modern alpine plant communities and dispersal history
of the alpine flora of the isolated mountains located within the boreal
forest. Based on the theories of Sernander (1894), the question was
raised about the origin and spread of the modern alpine flora in the
Pallastunturi-Ounastunturi mountain range (Hustich, 1937). If dense
pine-birch forest had covered the current alpine vegetation belt at ca.
500-700 m a.s.l. during the Holocene thermal maximum, the alpine
plant communities would have been replaced and such alpine taxa as
Salix herbacea, S. polaris, Oxyria digyna, and Arctostaphylos alpina,
for example, could have become extinct locally. As this mountain is
surrounded by boreal forest, the re-establishment of the alpine plants
after the retreat of the forestline would have required propagule
dispersal from the arctic vegetation zone of northern Fennoscandia,
through the boreal forest. This hypothesis is consistent with the recent
ecological theories stressing the climatic sensitivity of the alpine plant
communities consisting of competition-intolerant species with narrow
habitat demands, and with the predicted disappearance of many alpine
species on such mountains where no refugial habitats exist (e.g.,
Grabherr et al., 1994, 1995; Satersdal and Birks, 1997; Gottfried et al.,
1999; Korner, 1999; Klanderud and Birks, 2003). In northern Swedish
mountains, a substantial reduction of true alpine grounds or even
replacement by forest during the early Holocene has been suggested
(Kullman, 1999), but this hypothesis is refuted by plant macrofossil
evidence from high-altitude sites by Barnekow (1999, 2000).

Our evidence indicates that the major floristic elements of the
modern alpine vegetation have persisted on Pyhédkero mountain
throughout much of the Holocene, apart from the earliest postglacial
period. Despite the higher Holocene forestlines and occurrences of pine
and birch on the top of the mountain it is likely that, during the whole of
the Holocene, Pyhikero mountain top included an adequately rich
mosaic of open microsites so that most of the modern alpine plant
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species survived through the warmer periods of the Holocene. Their
dispersal to Pyhikero mountain has, therefore, predominantly happened
during the deglaciation phase, and there is no need to invoke complex
Holocene dispersal patterns from the far north of Fennoscandia during
the late Holocene. In this sense, the current low-alpine flora of Pyhikero
represents a Holocene continuum or “relict vegetation” as discussed by
Sernander (1897) and Hustich (1937).

Acknowledgments

We thank Finnish Forest Research Institute’s Kolari station for
assistance during the fieldwork on Pyhikero. This research was funded
by EU framework 4 project DART (EN4-C197-0586).

References Cited

Aario, L., 1943: Uber die Wald- und Klimaentwicklung an der
Lapplédndischen Eismeerkiiste in Petsamo. Annales Botanici Soci-
etatis Zoologicee Botanicw Fennice Vanamo, 19: 1-158.

Ahti, T., Himet-Ahti, L., and Jalas, J., 1968: Vegetation zones and
their sections in northwestern Europe. Annales Botanici Fennici, 5:
169-211.

Arsenault, D. and Payette, S., 2000: Reconstruction of millennial forest
dynamics from tree remains in a subarctic tree line peatland.
Ecology, 78: 1873-1883.

Barnekow, L., 1999: Holocene tree-line dynamics and inferred climatic
changes in the Abisko area, northern Sweden, based on macrofossil
and pollen record. The Holocene, 9: 253-265.

Barnekow, L., 2000: Holocene regional and local vegetation history
and lake-level changes. Journal of Paleolimnology, 23: 399-420.
Bertsch, K., 1941: Fruchte und Samen. Stuttgart: Ferdinand Enke.

247 pp.

Birks, H. H., 1973: Modern macrofossil assemblages in lake sediments
in Minnesota. /n Birks, H. J. B. and West, R. G. (eds.), Quaternary
Plant Ecology. Oxford: Blackwell Scientific Publications, 173-189.

Birks, H. H., 2001: Plant macrofossils. /n Smol, J. P., Birks, H. J. B.
and Last, W. M. (eds.), Tracking Environmental Change Using Lake
Sediments. Vol. 3. Dordrecht: Kluwer Academic Publishers, 49-74.

Birks, H. H., 2003: The importance of plant macrofossils in the
reconstruction of Lateglacial vegetation and climate: examples from
Scotland, western Norway, and Minnesota. Quaternary Science
Reviews 22: 453-473.

Chung, M-.S., 1981: Flowering characteristics of Pinus sylvestris L.
with special emphasis on the reproductive adaptation to local tem-
perature factor. Acta Forestalia Fennica, 169: 5-69.

Eide, E., 1932: Furuens vekst of foryngelse i Finnmark. Meddelanden
av Norske Skogfgrsung, vesen IV.

Eronen, M., 1979: The retreat of pine forest in Finnish Lapland since
the Holocene climatic optimum: a general discussion with radio-
carbon evidence from subfossil pines. Fennia, 157: 93-114.

Eronen, M. and Hyvirinen, H., 1982: Subfossil pine dates and pollen
diagrams from northern Fennoscandia. GFF, 103: 437-445.

Eronen, M. and Zetterberg, P., 1996: Climatic changes in northern
Europe since late glacial times, with special reference to dendro-
climatological studies in northern Finnish Lapland. Geophysica, 2:
35-60.

Finnish Meteorological Institute, 1991: Climatological Statistics in
Finland 1961-1990. Supplement to the Meteorological Yearbook of
Finland, 90.

Gervais, B. R., MacDonald, G. M., Snyder, J. A., and Kremenetski,
C. V., 2002: Pinus sylvestris treeline development and movement on
the Kola Peninsula of Russia: pollen and stomate evidence. Journal
of Ecology, 90: 627-638.

Gottfried, M., Pauli, H. Reiter, K., and Grabherr, G., 1999: A fine-scale
predictive model for changes in species distribution patterns of high
mountain plants induced by climate warming. Diversity and
Distributions, 5: 241-251.

Grabherr, G., Gottfried, M., and Pauli, H., 1994: Climate effects on
mountain plants. Nature, 369: 448.

Grabherr, G., Gottfried, M., Gruber, A., and Pauli, H., 1995: Pattern
and current changes in alpine plant diversity. /n Chapin F.S., III and
Korner, C. (eds.), Arctic and Alpine Biodiversity: Patterns, Causes
and Ecosystem Responses. Ecological Studies 13. Berlin: Springer,
167-181.

Grace, J., 1989: Tree lines. Philosophical Transactions of the Royal
Society of London, B 324: 233-245.

Grimm, E. C., 1990: TILIA and TILIA.GRAPH. PC spreadsheet and
graphics software for pollen data. INQUA, Working Group on Data-
Handling Methods, Newsletter, 4: 5-7.

Haapasaari, M., 1988: The oligotrophic heath vegetation of northern
Fennoscandia and its zonation. Acta Botanica Fennica, 135: 1-219.

Hiamet-Ahti, L., 1963: Zonation of the mountain birch forests in
northernmost Fennoscandia. Annales Botanici Societas Vanamo, 34:
1-127.

Hannon, G. E., 1999: The use of plant macrofossils and pollen in the
palaeoecological reconstruction of vegetation. Acta Universitatis
Agriculturae Sueciae. Silvestria, 106, 189 pp.

Hedberg, O., Martensson, O., and Rudberg, S., 1952: Botanical
investigations in the Piltsa region of northernmost Sweden.
Botaniska Notiser Supplement, 3: 1-209.

Heikinheimo, O., 1920: Suomen lumituhoalueet ja niiden metsit.
Metsdtieteellisen koelaitoksen julkaisuja, 3: 1-134.

Heikinheimo, O., 1921: Suomen metsidnrajametsit ja niiden vastainen
kayttd. Metsdtieteellisen koelaitoksen julkaisuja, 4: 1-83.

Henttonen, H., Kanninen, M., Nygren, M., and Ojansuu, R., 1986: The
Maturation of Pinus sylvestris Seeds in Relation to Temperature
Climate in Northern Finland. Scandinavian Journal of Forest
Research, 1: 243-249.

Hicks, S., 2001: The use of annual arboreal pollen deposition values
for delimiting tree-lines in the landscape and exploring models of
pollen dispersal. Review of Palaeobotany and Palynology 117: 1-29.

Hiller, A., Boettger, T., and Kremenetski, C., 2001: Mediaeval climatic
warming recorded by radiocarbon dated alpine tree-line shift on the
Kola Peninsula, Russia. The Holocene, 11: 491-497.

Hustich, I, 1937: Pflanzengeographische studien im gebiet der
Niederen Fjelde in westlichen Finnischen Lappland. Acta Botanica
Fennica, 19: 1-156.

Hustich, I., 1940: Pflanzentopographische Studien im Gebiet der
niederen Fjelden im westlichen finnischen Lappland. II. Uber die
horizontale Verbreitung der alpinen and alpiken Arten sowie einige
Angaben tiiber die winterlichen Naturverhiltnisse auf den Fjelden.
Acta Botanica Fennica, 27: 1-80.

Hustich, 1., 1948: The Scotch pine in northernmost Finland and its
dependence on the climate in the last decades. Acta Botanica
Fennica, 42: 1-75.

Hustich, 1., 1949: On the correlation between growth and the recent
climatic fluctuation. Geografiska Annaler, 31: 90-105.

Hustich, 1., 1959: On the recent expansion of the Scotch pine in
Northern Europe. Fennia, 82: 1-25.

Hustich, 1., 1978: The growth of Scots pine in northern Lapland, 1928—
77. Annales Botanici Fennici, 15: 241-252.

Hyvérinen, H., 1975: Absolute and relative pollen diagrams from the
northernmost Fennoscandia. Fennia, 142: 1-23.

Hyvirinen, H., 1976: Flandrian pollen deposition rates and tree-line
history in northernmost Fennoscandia. Boreas, 5: 163—175.

Jensen, C., Kuiper, G. J., and Vorren, K.-D., 2002: First post-glacial
establishment of forest trees: early Holocene vegetation, mollusc
settlement and climate dynamics in central Troms, North Norway.
Boreas, 31: 285-301.

Johansson, P., 1998: Pallas-Ounastunturi. Map of the Surficial
Geology. 1:50 000. Geological Survey of Finland, Rovaniemi.

Jonasson, S., 1981: Plant communities and species distribution of low
alpine Betula nana heaths in northernmost Sweden. Vegetatio, 44:
51-64.

Kallio, P., 1975: Reflections on the adaptation of organisms to the
northern forest limit in Fennoscandia. Proceedings of the Circum-
polar Conference of Northern Ecology, Ottawa, Section 1V: 19-38.

H. SEPPA ET AL. / 613

Downloaded From: https://bioone.org/journals/Arctic,-Antarctic,-and-Alpine-Research on 25 Dec 2024
Terms of Use: https://bioone.org/terms-of-use



Kallio, P. and Lehtonen, J., 1973: Birch forest damage caused by
Oporinia autumnata (Bkh.) in 1965-1966 in Utsjoki. Reports from
Kevo Subarctic Research Station, 10: 55-69.

Kallio, P. and Lehtonen, J., 1975: On the ecocatastrophe of birch
forests caused by Oporinia autumnata. /n Wielgolaski, F. E. (ed.),
Fennoscandian Tundra Ecosystems. Il. Animals and Systems
Analysis. Ecological Studies 17. Berlin: Springer, 174—180.

Kalliola, R., 1939: Pflanzensoziologische Untersuchungen in der
alpinen Stufe Finnisch-Lapplands. Annales Botanici Societatis
Zoologice-Botanice Fennice Vanamo, 13: 1-328.

Kirchhefer, A. J., 2001: Reconstruction of temperatures from tree-rings
of Scots pine (Pinus sylvestris L.) in coastal northern Norway. The
Holocene, 11: 41-52.

Klanderud, K. and Birks, H. J. B., 2003: Recent increases in species
richness and shifts in altitudinal distributions of Norwegian
mountain plants. The Holocene, 13: 1-6.

Koérner, C., 1999: Alpine Plant Life: Functional Ecology of High
Mountain Ecosystems. Berlin: Springer-Verlag. 338 pp.

Kullman, L., 1981: Some aspects of the ecology of the Scandinavian
subalpine birch forest belt. Wahlenbergia, 7: 99-112.

Kullman, L., 1986: Recent tree-limit history of Picea abies in the
Southern Swedish Scandes. Canadian Journal of Forest Research,
16: 761-771.

Kullman, L., 1996: Recent cooling and recession of Norway spruce
(Picea abies (L.) Karst. in the forest-alpine tundra ecotone of the
Swedish Scandes. Journal of Biogeography, 23: 843-854.

Kullman, L., 1999: Early Holocene tree growth at a high elevation site
in the northernmost Scandes of Sweden (Lapland): a palacobiogeo-
graphical case study based on megafossil evidence. Geografiska
Annaler, 81A: 63-74.

Lehtonen, J., 1987: Recovery and development of birch forest
damaged by Epirrita autumnata in Utsjoki area, North Finland.
Reports from Kevo Subarctic Research Station, 20: 35-39.

Lindholm, M., 1996: Reconstruction of past climate from ring-
width chronologies of Scots pine (Pinus sylvestris L.) at the northern
forest limit of Fennoscandia. PhD thesis. University of Joensuu.
Publications in Sciences, 40: 1-169.

Lundqyvist, J., 1991. Kvartirtiden - jordarterna. /n Lindstrém, J. J.,
Lundqyvist, J., and Lundqvist, Th. (eds.), Sveriges geologi fran urtid
till nutid. Lund: Studenlitteratur, 231-354.

Luomajoki, A., 1993a: Climatic adaptation of Scots pine (Pinus
sylvestris L.) in Finland based on male flowering phenology. Acta
Forestalia Fennica, 237: 1-27.

Luomajoki, A., 1993b: Climatic adaptation of Norway spruce (Picea
abies (L.) Karsten) in Finland based on male flowering phenology.
Acta Forestalia Fennica, 242: 1-28.

Mikola, P., 1971: Reflexion of climatic fluctuations in the forestry
practises in northern Finland. Reports from the Kevo Subarctic
Research Station, 8: 115-121.

Moore, P. D., Webb, J. A., and Collinson, M. E., 1991: Pollen
Analysis. Oxford: Blackwell Scientific Publications. 216 pp.

Odland, A. and Birks, H. J. B., 1999: The altitudinal gradient of
vascular plant richness in Aurland, western Norway. Ecography, 22:
548-566.

614 / ARcTIC, ANTARCTIC, AND ALPINE RESEARCH

Oksanen, L. and Virtanen, R., 1995: Topographic, altitudinal and
regional patterns in continental and suboceanic heath vegetation of
northern Fennoscandia. Acta Botanica Fennica, 153: 1-80.

Sandman, J. A., 1893: Nigra ord om vegetationen pd Ounastunturi.
Vetenskapliga meddelanden af Geografiska Foreningen i Finland,
I: 19-33.

Sarvas, R., 1962: Investigations on the flowering and seed crop of
Pinus sylvestris. Communicationes Instituti Forestalis Fenniae, 53:
1-198.

Seatersdal, M. and Birks, H. J. B., 1997: A comparative ecological
study of Norwegian mountain plants in relation to possible future
climatic change. Journal of Biogeography, 24: 127-152.

Seppd, H., 1996: Post-glacial dynamics of vegetation and tree-lines in
the far north of Fennoscandia. Fennia, 174: 1-96.

Seppi, H. and Birks, H. J. B., 2001: July mean temperature and annual
precipitation trends during the Holocene in the Fennoscandian tree-
line area: pollen-based climate reconstructions. The Holocene, 11:
527-539.

Seppd, H. and Birks, H. J. B, 2002: Holocene climate reconstructions
from the Fennoscandian tree-line area based on pollen data from
Toskaljavri. Quaternary Research, 57: 191-199.

Seppd, H., Nyman, M., Korhola, A., and Weckstrom, J., 2002:
Changes of tree-lines and alpine vegetation in relation to post-glacial
climate dynamics in northern Fennoscandia based on pollen
and chironomid records. Journal of Quaternary Science, 17:
287-301.

Seppild, M. and Rastas, J., 1980: Vegetation map of northermost
Finland with special reference to subarctic forest limits and natural
hazards. Fennia, 158: 41-61.

Sernander, R., 1894: Om s.k. glacialrelikter. Botaniska Notiser.

Sirén, G., 1961: Skogsgrinstallen som indikator for klimatfluktuatio-
nerna i norra Fennoskandien under historisk tid. Communicationes
Instituti Forestalis Fenniae, 54: 1-66.

Sjors, H., 1967: Nordisk vixtgeografi. Stockholm: Scandinavian
University Books. 229 pp.

Snyder, J. A., MacDonald, G. M., Forman, S. L., Tarasov, G. Y., and
Mode, W. N., 2000: Postglacial climate and vegetation history,
north-central Kola Peninsula, Russia: pollen and diatom records
from Lake Yarnyshnoe-3. Boreas, 29: 261-271.

Stockmarr, J., 1972. Tablets with spores used in absolute pollen
analysis. Pollen & Spores, 13: 614-621.

Stuiver, M. and Reimer, P. J., 1993: Extended '*C data base and
revised CALIB 3.2 '“C age calibration program. Radiocarbon, 35:
215-230.

Stuiver, M., Reimer, P. J., Bard, E., Beck, J. W., Burr, G. S., Hughen,
K. A., Kromer, B., McCormac, G., van der Plicht, J., and Spurk, M.,
1998: 1998 INTCAL98 radiocarbon age calibration, 24,0000 cal
BP. Radiocarbon, 40: 1041-1083.

Veijola, P., 1997: The northern tree-line and tree-line forests in
Fennoscandia. The Finnish Forest Research Institute, Research
Papers, 672: 1-242.

Ms submitted March 2003

Downloaded From: https://bioone.org/journals/Arctic,-Antarctic,-and-Alpine-Research on 25 Dec 2024
Terms of Use: https://bioone.org/terms-of-use



